These authors contributed equally to this work Purpose: Lower extremity amputation (LEA) is associated with a high risk of postoperative mortality. The effect of type of anesthesia on postoperative mortality has been studied in various surgeries. However, data for guiding the selection of optimal anesthesia for LEA are limited. This study aimed to determine the effect of anesthesia type on perioperative outcomes in patients with diabetes and/or peripheral vascular disease undergoing LEA. Patients and methods: We reviewed the medical records of patients who underwent LEA at our center between September 2007 and August 2017, who were grouped according to use of general anesthesia (GA) or regional anesthesia (RA). Primary outcomes were 30-day and 90-day mortality. Secondary outcomes were postoperative morbidity, intraoperative events, postoperative intensive care unit admission, and postoperative length of stay. Propensity score-matched cohort design was used to control for potentially confounding factors, including patient demographics, comorbidities, medications, and type of surgery. Results: Five hundred and nineteen patients (75% male, mean age 65 years) were identified to have received GA (n=227) or RA (n=292) for above-knee amputation (1.5%), below-knee amputation (16%), or more minor amputation (82.5%). Before propensity score matching, there was an association of GA with coronary artery disease (44% [GA] vs 34.5% [RA], p=0.028), peripheral arterial disease (73.1% vs 60.2%, p=0.002), and preoperative treatment with aspirin and clopidogrel (68.7% vs 55.1%, p=0.001; 63% vs 41.8%, p<0.001, respectively). Propensity score matching produced a cohort of 342 patients equally divided between GA and RA. There was no significant between-group difference in 30-day (3.5% vs 2.9%, p=0.737) or 90-day (6.4% vs 4.6%, p=0.474) mortality or postoperative morbidity. However, postoperative ICU admission (14.6% vs 7%, p=0.032), intraoperative hypotension (61.4% vs 14.6%, p<0.001), and vasopressor use (52% vs 14%, p<0.001) were more common with GA than with RA. Conclusion: Type of anesthesia did not significantly affect mortality or morbidity after LEA. However, intraoperative hypotension, vasopressor use, and postoperative ICU admission rates were lower with RA.
Introduction
Diabetes and peripheral vascular disease are the leading causes of lower extremity amputation (LEA). LEA is a commonly performed procedure that is indicated in patients with failed attempts at revascularization, comorbidity or anatomic factors precluding revascularization efforts, and extensive tissue loss or infection. 1 Patients who undergo LEA usually have comorbidities, including hypertension, heart failure, and end-stage renal disease, and are likely to be in an older age group. Furthermore, these patients have advanced systemic atherosclerotic disease involving not only the peripheral limbs but also the coronary, cerebral, and renal circulations. 2 The incidence of coronary artery disease in patients with peripheral artery disease who require LEA is estimated to be as high as 80%, 3 and some receive interventional treatment before surgery and ongoing dual antiplatelet therapy. These patients are at high perioperative risk, so the anesthesiologist needs to choose the appropriate anesthetic method carefully. Theoretically, regional anesthesia (RA) offers several advantages over general anesthesia (GA) . A previous study has demonstrated advantages of RA in procedures involving a lower extremity, including fewer pulmonary complications, a decreased risk of arterial or venous thrombosis, avoidance of mechanical ventilation, and a reduced requirement for blood transfusion. 4 Compared with GA, neuraxial anesthesia, in particular, has been associated with lower 30-day mortality and decreased morbidity, less blood loss, fewer surgical site infections, and a decreased rate of admission to critical care services after elective total hip or knee arthroplasty. 5 It is well established that LEA secondary to diabetes and/or peripheral vascular disease has a high perioperative mortality rate. 6 Postoperative 30-day mortality rates after LEA have been reported to be between 7% and 22%. 7 According to previous studies, [8] [9] [10] [11] advanced age, dependent functional status, proximal (eg, above-knee) amputation, a history of cardiac disease, chronic renal disease, preoperative sepsis, and use of steroids are associated with postoperative mortality. However, although there have been several recent reports on the effect of anesthetic methods on postoperative outcome in patients with LEA, no clear consensus has been established.
The purpose of this retrospective, propensity scorematched cohort study was to analyze the effect of type of anesthesia on postoperative mortality and morbidity in patients undergoing LEA because of diabetes and/or peripheral vascular disease.
Materials And Methods

Study Population
The study protocol was approved by the institutional review board (IRB) of Severance Hospital, Yonsei University Health System (IRB No. 4-2017-0979) and carried out in accordance with the rules of the Declaration of Helsinki of 1975. The patient records and information were anonymized before analysis, so the requirement for written informed consent to access medical records was waived. We retrospectively identified all patients who underwent LEA because of diabetic foot or peripheral vascular disease at Severance Hospital between September 30, 2007 and August 31, 2017. The LEAs included both major (above-knee and below-knee) and minor (distal to below-knee) amputations. The exclusion criteria were age under 20 years at the time of surgery, amputation secondary to trauma or malignancy, and LEA performed with concomitant surgery. Patients with incomplete medical records, those who were lost to follow-up, and those undergoing RA that was converted to GA were excluded.
The study population was divided into 2 groups based on anesthesia modality, ie, a GA group and an RA group. GA consisted of endotracheal intubation or use of a laryngeal mask airway with a combination of inhalational anesthetics and intravenous narcotics for maintenance of anesthesia. RA was defined as spinal anesthesia or peripheral nerve block with or without sedation.
Study Objectives
The primary study outcome was 30-day and 90-day mortality. The secondary outcomes were postoperative length of stay, need for admission to the postoperative intensive care unit (ICU), 90-day morbidity, and intraoperative events.
Patient Demographics And Perioperative Variables
Standard demographic data, including age, sex, and body mass index, as well as American Society of Anesthesiologists physical status classification were obtained for all patients. Data on comorbidities were also collected, including history of diabetes, hypertension, coronary artery disease, peripheral artery disease, congestive heart failure, cerebrovascular accident, chronic kidney disease, chronic obstructive pulmonary disease, and smoking history. Preoperative use of aspirin, clopidogrel, steroids, insulin, and statins was also recorded. Preoperative laboratory data included hemoglobin, platelets, prothrombin time, activated partial thromboplastin time, glucose, glycated hemoglobin, creatinine, estimated glomerular filtration rate, albumin, and C-reactive protein. The type of surgery (ie, amputation level), operating time, and anesthesia time were recorded. Information on intraoperative events, such as presence of hypoxia or hypotension, use of a vasopressor (ie, ephedrine, phenylephrine, norepinephrine, or vasopressin), and transfusion of blood products, were obtained. The postoperative variables included death, cardiovascular, pulmonary, renal, and neurologic complications, sepsis, and wound healing complications. Postoperative admission to the ICU and postoperative length of stay were also assessed.
Statistical Analysis
We used a propensity score-matched cohort design to control for potentially confounding factors. This type of design is intended to mimic a randomized trial by selecting comparison cohorts that are similar in regard to the probability, or "propensity," of receiving the intervention (GA or RA) under study. 12 In this model, the type of anesthesia was used as the dependent variable. The independent variables were those identified in earlier studies as being significant in terms of study outcomes as well as those that might, in the opinion of the authors, make a contribution. Propensity scoring was based on the model and included patient demographics (age, sex, and body mass index), comorbidities (diabetes, hypertension, coronary artery disease, peripheral artery disease, congestive heart failure, cerebrovascular accident, chronic kidney disease, chronic obstructive pulmonary disease, and smoking history), medications (aspirin, clopidogrel, steroid, insulin, and statin), and type of surgery. We then matched each case with GA to a case with RA that had a similar propensity score; 1:1 propensity score matching was performed to match patients with RA to controls within a caliper of 0.01. In our matching algorithm, we performed 1:1 nearest neighbor matching.
For unmatched data, the Student's t-test or Mann-Whitney U-test were used for continuous variables and the Pearson's chi-squared test or Fisher's exact test for categorical variables. After matching, the Mann-Whitney U-test was used to analyze the continuous variables and McNemar's test to assess the categorical variables. We used stratified Cox proportional hazards modeling to compare the risk of postoperative mortality in the different anesthetic groups. The risk was expressed by hazard ratios (HRs) with corresponding 95% confidence intervals (CIs). Conditional logistic regression models were used to compare secondary outcomes within each group. The effect was expressed by odds ratios (ORs) with corresponding 95% CIs.
The statistical analyses were performed using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA) and IBM SPSS Statistics for Windows (version 23; IBM Corp., Armonk, NY, USA). A p-value <0.05 was considered statistically significant.
Results
In total, 1152 patients underwent LEA at Severance Hospital between September 30, 2007 and August 31, 2017. After application of the exclusion criteria, data for 519 patients were available for inclusion in the final analysis. The mean age at the time of surgery was 65 years, and 72% of the patients were male. Eight patients (1.5%) underwent above-knee amputation, 83 (16%) underwent belowknee amputation, and 428 (82.5%) underwent more minor amputation. There were 227 patients in the GA group and 292 in the RA group. In the RA group, 239 patients received spinal anesthesia and 53 received a peripheral nerve block. The study flow chart is shown in Figure 1 .
The baseline patient characteristics, comorbidities, use of medication, surgical details, and preoperative laboratory data are presented in Table 1 . Patients with coronary or peripheral artery disease were more likely to receive GA than RA (44.1% vs 34.6%, p=0.028 and 73.1% vs 60.3%, p=0.002, respectively). There were no statistically significant between-group differences in the proportions of patients with diabetes, hypertension, congestive heart failure, cerebrovascular accident, chronic kidney disease, or Abbreviations: LEA, lower extremity amputation; GA, general anesthesia; RA, regional anesthesia. chronic obstructive pulmonary disease, or according to smoking history. Patients who were receiving antiplatelet therapy, such as aspirin and clopidogrel, preoperatively were more likely to receive GA than RA (68.7% vs 55.1%, p=0.001 and 63% vs 41.8%, p<0.001, respectively). The GA group had lower preoperative hemoglobin and albumin values and higher preoperative platelet, prothrombin time, and C-reactive protein values. Major (ie, aboveknee or below-knee) amputation was significantly more common in the GA group than in the RA group (23.8% vs 12.7%, p=0.001) and the operating and anesthesia times were longer in the GA group (72 mins vs 54.1 mins, p<0.001 and 115.7 mins vs 88.2 mins, p<0.001, respectively). Appropriate propensity score matching produced 171 matched pairs (342 patients, comprising 65.9% of the total study population) with exclusion of 177 cases (56 with GA and 122 with RA). There was no significant difference in baseline characteristics, comorbidities, use of medication, or type of operation in the matched study population ( Table 2 ). However, the operating and anesthesia times were significantly longer in the GA group than in the RA group (69.5 mins vs 58.5 mins, p=0.019 and 112.3 mins vs 93.1 mins, p<0.001, respectively). The preoperative platelet and C-reactive protein values were significantly higher in the GA group than in the RA group (344 vs 312.6, p=0.038 and 104 vs 68.6, p<0.001, respectively).
In the propensity-score matched cohort, there was no statistically significant difference in the primary outcome of 30-day and 90-day mortality between the two groups (3.5% for GA vs 2.9% for RA, HR 0.83, 95% CI 0.28-2.46, p=0.73, 7 and 6.4% for GA vs 4.6% for RA, HR Figure 2 , Table 3 ). There was also no statistically significant difference in 90-day postoperative morbidity, ie, myocardial infarction, cardiac arrest, pneumonia, sepsis, renal failure, stroke, or wound healing complications. There was no significant between-group difference in the postoperative length of stay (10 days vs 10 days, p=0.24). However, when compared with the GA group, the RA group had significantly lower rates of postoperative ICU admission (14.6% vs 7%, OR 0.458, 95% CI 0.225-0.936, p=0.032), intraoperative Abbreviations: aPTT, activated partial thromboplastin time; ASA, American Society of Anesthesiologists; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; GA, general anesthesia; PAD, peripheral artery disease; RA, regional anesthesia.
Figure 2
Kaplan-Meier 90-day mortality curve. Note: The cumulative death rate in patients undergoing lower extremity amputation under general anesthesia (blue) or regional anesthesia (green).
hypotension (61.4% vs 14.6%, OR 0.101, 95% CI 0.051-0.201, p<0.001), and use of vasopressors (52% vs 14%, OR 0.145, 95% CI 0.077-0.272, p<0.001; Tables 4 and 5 ).
Discussion
In this retrospective propensity-matched cohort study of 342 patients undergoing LEA because of diabetic foot and/or peripheral vascular disease, we found no significant difference in 30-day or 90-day mortality between the patients who received RA and those who received GA. Furthermore, the method of anesthesia used did not affect the likelihood of postoperative morbidity or the postoperative length of stay. However, we found that patients who underwent LEA under GA were significantly more likely to develop intraoperative hypotension, require a vasopressor, and be admitted to the ICU postoperatively. RA, such as a neuraxial or peripheral nerve block, has a number of theoretical advantages when compared with GA. These include attenuation of the normal physiologic response to stress with lower levels of circulating catecholamines and cortisol, sympathetic blockade with resulting peripheral vasodilation and increased blood flow, decreased hypercoagulability with a potentially lower incidence of arterial and venous thrombosis, and the ability to avoid endotracheal intubation and mechanical ventilation. 13, 14 The results of this study also showed that patients undergoing LEA under RA were more hemodynamically stable during surgery. Generally, changes in intraoperative hemodynamics under GA are a response to cardiovascular Note: Categorical data are presented as the number (percentage). Abbreviations: CI, confidence interval; GA, general anesthesia; HR, hazard ratio; RA, regional anesthesia. 15 Although there was no significant difference in the postoperative length of stay between the study groups, patients who underwent GA were significantly more likely to be admitted to the ICU after surgery. This finding may be explained by the greater likelihood of intraoperative hemodynamic instability in patients undergoing GA and their need for intensive monitoring after surgery. However, the between-group differences in intraoperative hemodynamics did not affect mortality or morbidity after surgery. Although intraoperative hypotension was more common in the GA group, there was no significant difference in postoperative cardiovascular morbidity, such as cardiac arrest or myocardial infarction, between the two study groups. Patients receiving RA avoided intubation or mechanical ventilation during surgery, but without any significant increase in the risk of pulmonary morbidity, such as pneumonia, postoperative intubation, or prolonged mechanical ventilation. Furthermore, there was no significant difference in any of the other postoperative morbidities, such as stroke, renal failure, sepsis, or wound healing complications, according to anesthesia modality.
Many studies have been published on the effect of anesthesia modality on the postoperative prognosis, complication rate, and risk of mortality. 16 Several studies in total knee or hip arthroplasty and hip surgery have reported that RA is more advantageous than GA in terms of postoperative mortality and morbidity. 5, [17] [18] [19] [20] Several retrospective studies have been published on the effect of anesthesia technique on the postoperative outcome of LEA, although their findings have been inconsistent. 13, 15, 21 However, there was no difference in postoperative mortality and morbidity in a recently published study that used a propensity score matching cohort. 4, 22, 23 According to Moreira et al, there was no difference in 30-day mortality or postoperative morbidity according to anesthesia modality in a functionally impaired geriatric population receiving major LEA. 22 In a retrospective study of 9999 patients who underwent aboveknee amputation, Pisansky et al reported no difference in 30day mortality or cardiovascular, pulmonary, infectious, and bleeding complications according to the method of anesthesia used. 23 More recently, Malik et al reported a retrospective propensity score-matched review that included 12,723 patients who underwent below-knee amputation, in which there was no statistically significant difference in 30-day mortality or major morbidity according to type of anesthesia used. 4 According to Malik et al, the incidence of perioperative blood transfusion was low in the RA group. It is not clear why there is no significant difference in postoperative mortality or morbidity in the LEA population according to the anesthetic method used. However, the anesthesia modality selected for LEA has less of an impact when compared with other surgical procedures, and most patients who undergo LEA are high-risk patients with multiple comorbidities. This retrospective study included 519 patients who underwent LEA performed by any of three orthopedic surgeons over one decade at a single center. Therefore, the perioperative management was consistent and the relevant medical records were preserved in detail.
The 30-day mortality in this study was 3.5% in the GA group, 2.9% in the RA group, and 3.2% overall. In a study by Gurney et al, the 30-day mortality after minor amputation was 3%. 24 We included patients who underwent major or minor amputation, unlike previously reported studies that only included patients who underwent major amputation. Therefore, the 30-day mortality rate in this study can be considered relatively lower than the rate of 7-22% in previous reports. 7 This study has several limitations. First, it is a retrospective review of a large database, which has inherent limitations. Second, although propensity score matching was used to exclude the effects of variables other than anesthesia modality as far as possible, the preoperative CRP values were not consistent across the 2 cohorts, which could have influenced our results. Furthermore, the operating and anesthesia times and the preoperative platelet values were not controlled; however, any differences were unlikely to be clinically significant. Third, other important clinical factors that may influence the mode of anesthesia chosen, such as severe aortic stenosis, presence of surgical site infection, and patient preference, were not assessed. Finally, the high minor amputation rate of 82.5% needs to be taken into consideration when interpreting the results of this study.
Conclusion
Our present findings suggest that anesthesia modality is not an independent contributor to postoperative mortality or morbidity in patients who undergo LEA. However, more intraoperative hemodynamic changes may occur in patients who undergo minor amputations under GA. Therefore, the choice of anesthesia method should be determined by the overall health status of the patient and the type of surgical procedure and be selected carefully after communication between the surgeon, anesthesiologist, and patient. It is also important to identify and prepare for the patient's comorbidities and risk factors.
